Stearic acid monolayers with various areas per molecule ( a ) were deposited on SiO2 (or Al200 surfaces by the Langmuir-Blodgett method under various surface pressures. The phase transitions from the two-dimensional gas state to liquid state (a =O. 24 nm2) and the liquid state to the solid state (a =O. 20 nm2) were clearly observed in the n--A isotherm of the monolayer spread on the subphase. From ellipsometric and reflectionabsorption FT-IR measurements, the thickness and the molecular tilt angle were determined to be 2. 28 nm and 27. 6 from the surface normal for the sample with a a value of 0. 20 nm2, respectively. Wetting properties for water were evaluated as a function of molecular coverage. The static contact angle increased and the critical tilting angle (CTA) decreased as the coverage increased. Two discontinuous changes of the contact angle were found near the coverages where the phase transitions on the subphase occur.
Introduction
Organized film assemblies of functional molecules have been investigated extensively aiming at a variety of applications including sensors1), insulating') and conducting coatings3), chromic coatings4), nonlinear optics'), etc. Also, the water-repellent glass usually having a monolayer of amphiphilic molecules oriented on the surface becomes one of the important targets, because it should promise a clear view as automobile windows during rain6).
In this case, a high contact angle and a low critical tilting angle (CTA) are needed.
CTA is the angle at which water droplets begin to slide when the substrate is gradually inclined. For these demands, the understanding of the relation between the monolayer structure and the wetting properties is crucial, which is an interesting problem also in Received Apr. 25, 1994 * Nippon Sheet Glass Techno-Research Co., Ltd., 1, Kaidoshita Konoike, Itami, Hyogo 664, Japan a scientific sense. Although much attention has been devoted to clarify the dependence of the wetting properties on the primary structure of the molecules7), that on the parameters characterizing molecular assembly such as molecular coverage and orientation on the surface is not well-known.
More recently, the contact angle has been found to be correlated with CTA in the interaction between water and the surface for the Si wafers treated with 1, 3, 5, 7-tetramethylcyclotetrasiloxane (TMCTS)8), but the scope of the validity of the relation remains unclear.
The Langmuir-Blodgett (LB) method has a great advantage over other methods such as self-assembly9 and chemical vapor surface modification") because monolayers with a known area density of molecules can be prepared. This is the first report on a discontinuous change of the water contact angle for the LB monolayer of stearic acid (SA)
deposited on oxide surfaces due to the phase transition. The wetting properties of the LB monolayers with varying SA coverage are examined, and the factors affecting CTA are discussed at the molecular level.
Experimental N-type Si wafers with a resistivity of about 4. 5+1. 5 Q cm (Osaka Titanium Co .) and aluminum-evaporated (ca. 100 nm) glass plates (38 mm x 40 mm) were used as substrates .
They were first soaked in an alkaline solution (pH=13. 7) for 30 s and in acetone for 5 min, respectively, and subsequently rinsed by ultrasonification in a distilled water (conductivity <1 pS cm-1) for 10 min. SA (Sigma, >99%) was used as received. The LB films were deposited on the substrates using a commercially available computer- Generally, LB films of SA are known to be fragile, but stable CA values were
obtained for all the samples tested"). The tilted plane method was used to determine the critical tilting angle (CTA) for the H2O droplet (50 mg) placed on the sample plate.
The humidity was ca. 30% during the measurements of CA and CTA.
Fourier transform infrared reflection-absorption spectra (FT-IR RAS) of the samples were obtained at glazing incidence (0 85) with p-polarized radiation in a dry air purged 
Ellipsometric measurements
were carried out with a Shimadzu AFT-600 operating at a wavelength of 632. 8 nm. The angle of incidence was 70 from the normal to the sample plane, and the compensator was set at 45. The thickness of the native oxide layer on Si was calculated to be 1. 08 nm on the assumption that it has a refractive index of 1. 46"). Using this and a value of 1. 50 as the refractive index of the LB monolayers").
their thicknesses were determined.
Results and Discussion It is known that the peak position of the CH, antisymmetric stretching vibration (vas(CF12)) reflects the order of the molecular assemblies").
From the peak position of the vas(CH,) (2918 cm-1) band, the SA molecules in the LB monolayers seem to take the all-trans configuration. Therefore, one can calculate the tilt angle (r) to be ca. 23 using the monolayer thicknesses. (1) where a is the area per molecule upon the monolayer deposition. from the "gas" to the "solid" via the "liquid" is though to lead to a decrease in the free volume in the LB monolayer deposited on the substrate and higher order in the molecular orientation, which may be responsible for the discontinuous increase in CA. As Cv increases, the interaction of water and the surface is found to be reduced. Accordingly, the increase in CA and the decrease in CTA with increasing Cv are considered as ascribable to the decrease in the interaction.
According to Zhuravlev, the density of surface Si-OH groups (Sib-OH) is ca. 5 . 0 groups/nm2 on the surface of Si wafers"), that is, the average area per group (-0. 20 nm2) is close to the aL of SA (0. 21 nm2). Also, the SA molecules on the substrate would form hydrogen bondings with the Sis-OH groups. Therefore , for Cv <1, the surface can , be assumed to be a composite surface consisting of the hydrophobic region occupied by SA, molecules and the hydrophilic region where bare Sis-OH groups are present. In this Cv region, since the hydrophilic region decreases with increasing Cv, the adhesive energy is thought to decrease with increasing Cv as shown in Fig . 4-(C) .
On the other hand, for Cv >1, the adhesive energy remarkably decreases and is asymptotic to ca. 52 'mJ21). This can be explained in terms of the disappearance of the hydrophilic region accompanied by the complete coverage of SA molecules , i. e., the increase in hydrophobicity with increasing intermolecular interaction due to the van der Waals force.
In conclusion, it was confirmed by studying the wetting properties of the SA-LB monolayers with varying moleular coverage that the value of CA can be correlated with that of CTA in terms of the interaction between water and the surface of the sample , as in the system of the TMCTS-treated sample.
